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SURVEILLANCE SYSTEM 

FIELD 

[0001] The present invention relates to a surveillance system. 
More particularly, the present invention relates to a surveillance system for an 
aircraft. 

BACKGROUND OF THE INVENTION 

[0002] It is generally known to provide a surveillance system for 
an aircraft. Such surveillance system is intended to provide surveillance of the 
operational environment of the aircraft and to display this information to the flight 
crew. 

[0003] Such surveillance system typically includes a single 
cabinet populated with the following components: an air traffic control 
transponder system ("ATC XPDR"), a traffic alert and collision avoidance system 
("TCAS"), a terrain awareness and warning system ("TAWS"), and a weather 
detection and avoidance radar system ("WXR"). The cabinet is typically provided 
in the interior of the aircraft. Wires for the components of the surveillance system 
(i.e. the ATC XPDR and the TCAS) are typically routed from the cabinet to two 
four element antennas - one on the top and one on the bottom of the exterior of 
the aircraft. Such routing typically requires an aperture be provided in the 
fuselage of the aircraft. 

[0004] Long range aircraft such as the A330 aircraft commercially 
available from Airbus S.A.S. of France and the B747 aircraft commercially 
available from the Boeing Company of Chicago, Illinois require the components 
of such surveillance system be present in dual, redundant form. The dual 
surveillance system configuration is intended to ensure that all functions 
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necessary to dispatch the aircraft are present even after a failure of one of the 
components (and without the ready availability of spare or replacement 
components). 

[0005] Other aircraft, particularly with shorter ranges, do not 
necessarily require all components of such surveillance system be present in 
dual, redundant form. For example, such other aircraft may require only a 
redundant or back-up ATC XPDR or no redundant components at all. 

[0006] The original equipment manufacturer (OEM) provides the 
fuselage of such long and short range aircraft with the apertures intended for 
routing wires for such surveillance system. However, this has several 
disadvantages including that the apertures for the dual surveillance system 
configuration must be modified or retrofit (e.g. patched) to accommodate 
configurations having only one component of the surveillance system (e.g. the 
ATC XPDR) present in dual, redundant form. 

[0007] Accordingly, there is a need for an aircraft having 
apertures for routing wires adapted for use with both a dual surveillance system 
configuration and a configuration that requires only one or more components of 
the surveillance system (e.g. the ATC XPDR) be present in dual, redundant form. 
There is also a need for a cabinet that is populated with one or more components 
of the surveillance system. There is also a need for a fuselage that can be easily 
manufactured and outfitted to various configurations. Yet further, there is a need 
for a surveillance system having one or more of these or other advantageous 
features. 
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SUMMARY OF THE INVENTION 

[0008] One embodiment relates to a surveillance system for an 
aircraft. The surveillance system comprises a first antenna comprising a four 
radiating element antenna. The first antenna is configured for electrical coupling 
to a first air traffic control transponder and a first traffic alert and collision 
avoidance system, and a second antenna comprising a single element antenna 
configured for electrical coupling to a second air traffic control transponder. The 
surveillance system also comprises a second antenna comprising a single 
radiating element antenna configured for electrical coupling to a second air traffic 
control transponder. The surveillance system also comprises a first mounting 
interface configured for coupling the first antenna to the aircraft. The surveillance 
system also comprises a second mounting interface configured for coupling a 
second antenna to the aircraft. The mounting interface of the first antenna has a 
size and a shape corresponding to a size and shape of the mounting interface of 
the second antenna. 

[0009] Yet another exemplary embodiment relates to a 
surveillance system for an aircraft. The surveillance system comprises a first 
cabinet. The first cabinet comprises a first air traffic control transponder. The 
first cabinet also comprises a first traffic alert and collision avoidance system. 
The first cabinet also comprises a first terrain awareness and warning system. 
The first cabinet also comprises a first weather detection and avoidance radar 
system. The first air traffic control transponder and the first traffic alert and 
collision avoidance system are configured for electrical coupling to a four 
radiating element antenna. The surveillance system also comprises a second 
cabinet. The second cabinet is configured for housing a second air traffic control 
transponder. The second cabinet is also configured for housing a second traffic 
alert and collision avoidance system. The second cabinet is also configured for 
housing a second terrain awareness and warning system. The second cabinet is 
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also configured for housing a second weather detection and avoidance radar 
system. The second cabinet includes at least the second air traffic control 
transponder and is configured for electrical coupling to a single radiating element 
antenna. 

[0010] Yet another exemplary embodiment relates to a method of 
assembling an aircraft. The method comprises providing an airframe of the 
aircraft. The method also comprises providing a surveillance system inside the 
airframe configured for housing in a first cabinet a first air traffic control 
transponder, a first traffic alert and collision avoidance system, a first terrain 
awareness and warning system, and a first weather detection and avoidance 
radar system. The method also comprises providing a second surveillance 
system inside the airframe configured for housing in a second cabinet a second 
air traffic control transponder, a second traffic alert and collision avoidance 
system, a second terrain awareness and warning system, and a second weather 
detection and avoidance radar system. The method also comprises providing a 
first aperture and a second aperture in the airframe. The method also comprises 
installing a first base plate of a first antenna comprising a four radiating element 
antenna outside the airframe to cover the first aperture. The method also 
comprises installing a second base plate of a second antenna comprising a 
single radiating element antenna outside the airframe to cover the second 
aperture. The first base plate has a size corresponding to a size of the second 
base plate. 

[001 1] Yet another exemplary embodiment relates to a 
surveillance system for an aircraft. The surveillance system comprises an 
antenna. The antenna comprises a functional connector configured for electrical 
coupling to a functional load comprising an air traffic control transponder and a 
functional radiating element. The antenna also comprises a plurality of non- 
functional connectors each configured for coupling to a non-functional load. The 
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surveillance system also comprises a base plate configured for coupling the 
antenna to the aircraft. 

[0012] Still another exemplary embodiment relates to an aircraft 
having a surveillance system. The surveillance system comprises a first cabinet 
configured for housing a first air traffic control transponder, a first traffic alert and 
collision avoidance system, a first terrain awareness and warning system and a 
first weather detection and avoidance radar system. The surveillance system 
also comprises a second cabinet configured for housing a second air traffic 
control transponder, a second traffic alert and collision avoidance system, a 
second terrain awareness and warning system, and a second weather detection 
and avoidance radar system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] Exemplary embodiments will hereafter be described with 
reference to the accompanying drawings, wherein like numerals denote like 
elements, and: 

[0014] FIGURE 1 is a block diagram of a surveillance system for 
an aircraft according to an exemplary embodiment; 

[0015] FIGURE 2 is a schematic view of the surveillance system 
of FIGURE 1 according to an exemplary embodiment; 

[0016] FIGURE 3 is an exploded perspective view of a primary 
antenna of the surveillance system of FIGURE 1 according to an exemplary 
embodiment; 

[0017] FIGURE 4 is a block diagram of the surveillance system of 
FIGURE 1 according to an alternative embodiment; 
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[001 8] FIGURE 5 is a schematic view of the surveillance system 
of FIGURE 4 according to an exemplary embodiment; 

[0019] FIGURE 6 is an exploded perspective view of a secondary 
antenna of the surveillance system of FIGURE 4 according to an exemplary 
embodiment; and 

[0020] FIGURE 7 is a block diagram of a method of 
manufacturing an aircraft having a surveillance system according to an 
exemplary embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EXEMPLARY EMBODIMENTS 

[0021] FIGURES 1 and 2 show an aircraft 10 having a 
surveillance system 12a according to an exemplary embodiment. Referring to 
FIGURE 1, surveillance system 12a includes a package shown as a rack or 
cabinet 34a for housing a left or primary configurable integrated surveillance 
system shown as a primary CISS 18a. Primary CISS 18a is intended to provide 
surveillance of the operational environment of aircraft 10. 

[0022] Referring to FIGURE 1, primary CISS 18a comprises 
primary subsystems or modules 20a for providing to a control system 14 signals 
representative of the operational environment of aircraft 10. These signals may 
also be provided to the flight crew by a user interface 36 as shown in FIGURE 1 . 
Primary modules 20a include a primary air traffic control transponder system 
(shown as a primary ATC XPDR 22a), a primary traffic alert and collision 
avoidance system (shown as a primary TCAS 24a), a primary terrain awareness 
and warning system (shown as a primary TAWS 26a), and a primary weather 
detection and avoidance radar system (shown as a primary WXR 28a) according 
to a preferred embodiment as shown in FIGURE 1. 
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[0023] The primary ATC XPDR is the airborne portion of an air 
traffic control radar beacon system according to a preferred embodiment. The 
primary ATC XPDR replies to ground based secondary surveillance radar 
interrogations to provide air traffic controllers with aircraft position identification 
and altitude according to a preferred embodiment. The primary ATC XPDR also 
replies to TCAS interrogations from other aircraft according to a preferred 
embodiment. According to a preferred embodiment, the primary ATC XPDR has 
a function corresponding to a model number TPR-901 Mode S transponder 
commercially available from Rockwell Collins, Inc. of Cedar Rapids, Iowa. 

[0024] The primary TCAS is intended to be a supplemental aid to 
the pilot in detecting the presence of nearby aircraft and determining their 
potential as an airspace threat according to a preferred embodiment. According 
to a preferred embodiment, the primary TCAS has a function corresponding to a 
ACAS-900 enhanced traffic alert and collision avoidance system commercially 
available from Rockwell Collins, Inc. of Cedar Rapids, Iowa. According to a 
particularly preferred embodiment, the primary ATC XPDR and the primary 
TCAS are combined into a single module in the cabinet of the configurable 
integrated surveillance system. 

[0025] Referring further to FIGURE 1 , a primary power source 
30a of primary CISS 18a provides electrical power to primary modules 20a. An 
electrical interface or wiring harness of cabinet 34a (shown as a primary 
input/output interface 32a) electrically connects primary modules 20a to cables 
(shown as coaxial cables 80 in FIGURE 2). Cables 80 communicate signals 
(e.g. radio frequency signals) between primary modules 20a and a set of primary 
antennas 60 located on the top and the bottom of aircraft 10 (see FIGURE 1). 
According to a preferred embodiment as shown in FIGURE 1, primary ATC 
XPDR 22a and primary TCAS 24a are electrically connected to primary antennas 



Docket No. 03CR329/KE 



60 and primary WXR 28a is electrically connected to a supplemental or radar 
antenna 68. 

[0026] The cabinet of the primary CISS is mounted to the interior 
of the aircraft by a mounting interface (such as a bracket) according to any 
preferred or alternative embodiment. According to a particularly preferred 
embodiment, the cabinet of the primary CISS is about 10 inches wide, about 14 
inches deep and about 7.5 inches in height. 

[0027] Referring to FIGURES 2 and 3, each of primary antennas 
60 (each a four radiating element primary antenna) has four electrical mounting 
interfaces or channels shown as connectors 62a, 62b, 62c and 62d in FIGURE 3 
according to a preferred embodiment. One end of each of connectors 62a 
through 62d are connected to an antenna or radiating element 66 which has a 
height of about 0.7 inches according to a particularly preferred embodiment. The 
other end of each of connectors 62a through 62d is electrically connected to 
primary ATC XPDR 22a and primary TCAS 24a by cables 80 according to a 
preferred embodiment as shown in FIGURE 2. Cables 80 are routed through an 
aperture 16a in a fuselage or airframe (shown as a shell 82) of aircraft 10 (see 
FIGURE 2). According to a particularly preferred embodiment, the aperture has 
a circular shape with a diameter of about 4 inches. Fasteners (shown as screws 
78) removably attach a mounting or base plate 72a to shell 82 to cover aperture 
(and allow servicing of the antennas). 

[0028] According to a preferred embodiment as shown in 
FIGURE 3, base plate 72a has a generally square shape with rounded corners. 
Base plate has a length 94a, which is greater than a width 96a according to a 
preferred embodiment as shown in FIGURE 3. The base plate is a flat sheet of 
metal integrally molded with the connectors according to a preferred 
embodiment. The four radiating element primary antennas may extend at least 
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partially from the base plate according to any preferred or other alternative 
embodiment. Primary antennas 60 are covered by a "radome" cap or polyfilm 
shield 74a having a square shape with a length 94b and a width 96b as shown in 
FIGURE 3 according to a preferred embodiment. Primary antennas 60 each 
have a height 98 from base plate 72a to shield 74a as shown in FIGURE 3 
according to a preferred embodiment. 

[0029] According to a particularly preferred embodiment, the 
length of the base plate of the four radiating element primary antenna is greater 
than about 6 inches, suitably less than about 1 1 inches. According to a 
particularly preferred embodiment, the width of the base plate of the four 
radiating element primary antenna is greater than about 3.5 inches, suitably less 
than about 6.25 inches. According to a particularly preferred embodiment, the 
length of the shield of the four radiating element primary antenna is about 1 1 
inches. According to a particularly preferred embodiment, the width of the shield 
of the four radiating element primary antenna is at least about 6 inches, more 
suitably about 6.25 inches. According to a particularly preferred embodiment, the 
height of the four radiating element primary antenna from the base plate to the 
top of the shield is less than about 1 .36 inches. 

[0030] According to a preferred embodiment, the four radiating 
element primary antenna is an L-band antenna that operates on a frequency of 
about 1030 MHz to about 1090 MHz. According to a particularly preferred 
embodiment, the four radiating element primary antenna is a model number S72- 
1735 traffic collision avoidance system II antenna commercially available from 
Sensor Systems, Inc. of Chatsworth, California. 

[0031] Referring back to FIGURE 1 , surveillance system 12a 
includes a right or redundant (e.g. backup) secondary CISS 18b electrically 
connected to control system 14. The construction and performance of secondary 
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CISS 18b is similar to that of primary CISS 18a. Secondary CISS 18b comprises 
redundant or secondary modules 20b including a secondary ATC XPDR 22b, a 
secondary TCAS 24b, a secondary TAWS 26b, and a secondary WXR 28b 
according to a preferred embodiment as shown in FIGURE 1. A secondary 
power source 30b provides electrical power to secondary modules 20b. A 
secondary input/output interface 32b electrically connects secondary modules 
20b to cables 80 (see FIGURE 2) for communication of signals with a set of 
secondary antennas 70a located on the top and the bottom of aircraft 10. 
According to a preferred embodiment as shown in FIGURE 1, secondary ATC 
XPDR 22b and secondary TCAS 24b are electrically connected to secondary 
antennas 70a, and secondary WXR 28b is electrically connected to radar 
antenna 68. 

[0032] The set of secondary antennas 70a (see FIGURES 1 and 
2) each comprise a four radiating element secondary antenna according to a 
preferred embodiment and each have a construction and performance that is 
similar to that of the set of four radiating element primary antennas 60 (see 
FIGURES 1 and 2). According to an alternative embodiment as shown in 
FIGURE 1 , the surveillance system may comprise more than one primary 
antenna (e.g. a primary antenna for the primary CISS installed on the top and the 
bottom of the aircraft and/or more than one secondary antenna (e.g. a secondary 
antenna for the secondary CISS installed on the top and the bottom of the 
aircraft). 

[0033] FIGURE 4 shows a surveillance system 12b, an 
alternative embodiment of surveillance system 12a. In one preferred 
embodiment, surveillance system 12b can be modified from surveillance system 
12a in at least two respects: (1) Secondary CISS 18b includes fewer secondary 
modules 20b than primary CISS 18a; and (2) a set of secondary antennas 70b 
are each a single functional radiating element secondary antenna that has a 
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different function than the set of primary antennas 60. Other than these 
modifications, the construction and performance of surveillance system 12b is 
similar to that of surveillance system 12a and like reference numerals identify like 
elements. 

[0034] Secondary modules 20b of secondary CISS 18b include 
secondary ATC XPDR 22b as shown in FIGURE 4. According to an alternative 
embodiment, the secondary modules may also include at least one of the 
following other subsystems 38: a secondary TCAS, a secondary TAWS, and/or a 
secondary WXR. Secondary power source 30b provides electrical power to 
secondary modules 20b of CISS 18b. Input/output interface 32b electrically 
connects secondary modules 20b of CISS 18b to cables 80 (see FIGURE 5) for 
communication of signals with secondary antennas 70b. According to a 
particularly preferred embodiment, the cabinet of the primary CISS has a similar 
size and shape as the cabinet of the secondary CISS. 

[0035] According to a preferred embodiment as shown in 
FIGURE 4, primary ATC XPDR 22a and primary TCAS 24a are electrically 
connected to primary antennas 60, and primary WXR 28a is electrically 
connected to radar antenna 68. According to a preferred embodiment as shown 
in FIGURE 4, secondary ATC XPDR 22b is electrically connected to secondary 
antennas 70b and primary WXR 28b is electrically connected to radar antenna 
68. According to a preferred embodiment as shown in FIGURE 4, secondary 
antennas 70b are each a single radiating element secondary antenna for 
association with ATC XPDR 22b. According to an alternative embodiment, each 
of the set of the secondary antenna may be a four radiating element secondary 
antennas (similar to antennas 70a shown in FIGURE 1 ) for electrical coupling to 
both a secondary ATC XPDR and a secondary TCAS. 
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[0036] Referring further to FIGURE 4, secondary antennas 70b 
each have a construction that is similar to that of secondary antennas 70a. 
According to a preferred embodiment as shown in FIGURE 6, the dimensions of 
a base plate 72b and a shield 74b of secondary antennas 70b are substantially 
the same of base plate 72a and shield 74a of primary antennas 60. 

[0037] Secondary antennas 70b each have one functional 
electrical mounting interface shown as a connector 84a in FIGURE 6. One end 
of connector 84a is electrically connected to secondary ATC XPDR 22b through 
input/output interface 32b (see FIGURE 5) by a cable 80a. The other end of 
connector 84a is attached to a single antenna or radiating element 66. Each of 
secondary antennas 70b has three non-functional electrical mounting interfaces 
shown as connectors 84b, 84c and 84d in FIGURE 6 according to a preferred 
embodiment. Connectors 84b, 84c and 84d (respectively) are electrically 
connected to a "dummy" or non-functional load shown as a resistor 64 (see 
FIGURE 5). Thus, three cables 84b from input/output interface 32b (e.g. those 
not electrically connected to secondary ATC XDPR 22b or intended for use with 
the optional secondary TCAS 24b) are attached to connectors 84b, 84c and 84d 
and terminate at resistor 64 (see FIGURE 5). According to an alternative 
embodiment, the three cables from the input/output interface (e.g. those not 
electrically connected to the secondary ATC XDPR or intended for use with the 
optional secondary TCAS) are capped and stowed. According to a particularly 
preferred embodiment, the single functional radiating element antenna has the 
same functionality as a model number series S65-5366 L-band antenna that 
operates on a frequency of about 1030 MHz to about 1090 MHz and is 
commercially available from Sensor Systems, Inc. of Chatsworth, California. 

[0038] The secondary CISS is reconfigurable depending on the 
configuration desired for the aircraft. For example, the secondary TCAS, 
secondary TAWS and/or secondary WXR may be provided (e.g. as a "tray") in 
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cabinet 34b (see FIGURE 4). The secondary TCAS may be electrically 
connected to a four radiating element primary antenna having a base plate with 
similar dimensions as secondary antenna 70a (see FIGURES 2 and 3). 

[0039] The reconfigurability of the secondary CISS (an "LRU" or 
line replaceable unit) may provide manufacturing advantages. For example, the 
manufacturer of the aircraft may follow the manufacturing system 100 as shown 
in FIGURE 7. First, the manufacturer provides the airframe of the aircraft (step 
102). An aperture intended for the cables of the primary CISS is drilled in the top 
and the bottom of the airframe (step 104) (see also FIGURES 3 and 5). An 
aperture intended for the cables of the secondary CISS is also drilled in the top 
and bottom of the airframe (step 106) (see also FIGURES 3 and 5). The 
apertures for the primary CISS and the apertures for the secondary CISS have 
the same dimensions according to a preferred embodiment. The apertures for 
the primary CISS and the secondary CISS each have a diameter of about 4 
inches according to a particularly preferred embodiment. 

[0040] The components of the surveillance system are then 
provided in the aircraft. The cabinet for the primary CISS and the cabinet for the 
secondary CISS are mounted to the interior of the aircraft (step 108). The 
cabinet of the primary CISS is then populated with the primary ATC XPDR, the 
primary TCAS, the primary TAWS, and the primary WXR (step 110). The 
secondary CISS cabinet is then populated (step 112). According to a preferred 
embodiment, the secondary CISS cabinet is populated with the secondary ATC 
XPDR. According to other alternative embodiments, the secondary CISS cabinet 
is populated with the secondary TCAS, the secondary TAWS, and/or the 
secondary WXR. The CISS cabinets may also be populated with the power 
sources and the input/output interfaces according to alternative embodiments. 
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[0041] The base plate of the four radiating element primary 
antenna is then attached to the airframe to cover the top and bottom apertures 
intended for use with the primary CISS (step 1 14). The wires of the components 
of the primary CISS cabinet and the secondary CISS cabinet are then routed to 
the four radiating element primary antenna. Specifically, the input/output 
interface of the primary CISS cabinet is connected to the connectors of the top 
and bottom four radiating element primary antennas (step 116). 

[0042] The base plate of the single functional radiating element 
secondary antenna is then fixed to the airframe to cover the top and bottom 
apertures intended for use with the secondary CISS (step 1 1 8). (According to an 
alternative embodiment, the single functional radiating element secondary 
antenna of the secondary CISS may be replaced with a four radiating element 
primary antenna (step 120)). The input/output interface of the secondary CISS 
cabinet is connected to the channels of the top and bottom single functional 
radiating element secondary antennas (step 122). According to a preferred 
embodiment as shown in FIGURE 6, the secondary ATC XPDR is attached to 
the functional connector of the single functional radiating element secondary 
antenna, and the cables for the optional secondary TCAS are attached to the 
non-functional elements of the single functional radiating element secondary 
antenna. Thus, the manufacturer may standardize the airplane coming off an 
assembly line (e.g. same sized holes in the apertures for the antennas, same 
number of cables attached to the base plates and/or cabinets, configurable 
and/or different modules populating the cabinet(s), etc.). 

[0043] It is understood that while the detailed descriptions, 
specific examples, material types, thickness, dimensions, and shapes discussed 
provide preferred exemplary embodiments of the present invention, the preferred 
exemplary embodiments are for the purpose of illustration only. For example, the 
cabinets may be populated with any of the elements or modules (e.g. only a 
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transponder in the CISS cabinet(s)). The method and the system of the present 
invention are not limited to the precise details and conditions disclosed. Various 
changes will be made to the details disclosed without departing from the scope of 
the invention, which is defined by the following claims. 



